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Hypothesis: There is consensus that manual measurement of hippocampal volume is more accurate than the 
automated techniques because of better visual definition of the hippocampal margins [1].  It remains the standard by 
which to judge other methodologies [2]. Automated methods, on the other hand, promote operator independence, 
higher reproducibility and improved clinical applicability [3]. Their application will be judged valid if they provide 
results comparable to those obtained by manual contouring [4].  
Introduction: The hippocampus is a seminal structure in the most common surgically-treated form of epilepsy. 
Accurate segmentation of the hippocampus aids in establishing asymmetry regarding size and signal characteristics 
in order to disclose the likely site of epileptogenicity. With sufficient refinement, it may ultimately aid in the 
avoidance of invasive monitoring with its expense and risk for the patient. To this end, a reliable and consistent 
method for segmentation [5], [6] of the hippocampus from magnetic resonance imaging (MRI) is needed. In this 
work, we present a systematic and statistical analysis approach for evaluation of automated segmentation methods in 
order to establish one that reliably approximates the results achieved by manual tracing of the hippocampus. 
Methods: Hippocampi were manually segmented in 195 mesial temporal lobe epilepsy (mTLE) patients by a 
previously established protocol using coronal T1-weighted MR images. The ROIs encompassing the hippocampi 
were outlined in the coronal plane with fine-tuning performed using the sagittal view. The hippocampal position was 
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established using an MRI atlas as reference. Automatic segmentation with FreeSurfer [7] version 5.3.0 was applied 
which allowed transformation into Talairach coordinates, segmentation of the subcortical white matter and gray 
matter and removal of nonbrain tissues. Moreover, ABSS [8], a pattern-recognition algorithm, was applied for 
hippocampal segmentation which shape and signed-distance functions of the manually-established hippocampus 
were represented on different scales to train Artificial Neural Networks (ANNs). The trained ANNs were applied to 
extract both right and left hippocampi. The accuracy of different automated segmentation techniques (Freesurfer, 
ABSS) was assessed by comparison of their results with that of manual segmentation. Intra- and inter-expert 
variability of segmentation and quality evaluation were considered. Several performance metrics, widely used in the 
literature, were considered to assess correlation and overlap between automated and manual segmentation results. 
 
Figure 1: Skull-stripping steps: (A) input images, (B) brain contouring, and (C) removal of nonbrain tissues. 
 
 
Figure 2: A comparison of manual and automatic hippocampal segmentation methods. The figure shows an intermediate section 
of an intermediate section of a skull-stripped T1 image of a mTLE patient and the result of manual and automatic segmentations. 
 
Results: An archival review of mTLE patients treated between June 1993 and June 2014 at Henry Ford Hospital, 
Detroit, MI was performed. The patients were evaluated by neurologic examination, video-electroencephalography 
(EEG), MR and nuclear medicine imaging, and neuropsychological testing. A template database of MR images of 195 
mTLE patients (81 males, 114 females; age range of 32-67 years, mean age of 49.16 years) was used in the study. 
Figure 1 shows the skull-stripping procedure on an intermediate section of a skull-stripped T1 image of a mTLE. 
Different performance measurements were extracted and calculated for each of the segmentation methods from the 
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T1-weighted images for which Dice, Hausdorff, Precision, and RMS produced values that were felt to fulfill a 
reasonable basis for analysis. The Dice coefficient for ABSS is 14.10% (p-value<5×10-33) higher compared to 
FreeSurfer. The ABSS method of segmentation, therefore, is shown to have more overlap with the manual standard 
than the other methods. The Hausdorff distance for ABSS is 86.73% (p-value<7×10-19) lower compared to FreeSurfer 
also confirming that the ABSS method better approximates the manual standard. The RMS distance for ABSS is 
61.90% (p-value<6×10-18) lower compared to FreeSurfer, demonstrating less variation in values than the other 
competing methods. Figure 2 shows the result of segmentation methods on an intermediate section of a skull-stripped 
T1 image of a mTLE patient. 
Discussion and Conclusion: Automated techniques for hippocampal segmentation have been developed in the 
research community to reduce time-consuming workload and improve upon reproducibility attributable to the 
variability encountered in the manual method. A reliable, objective and reproducible technique for automated 
hippocampal segmentation, in particular, would expedite the confident processing of absolute volumes in clinical 
cases in order to judge the degree of bihemispheric asymmetry and establish the degree of atrophy over time. 
Analysis of performance metrics shows that ABSS is a more accurate segmentation method in the case of mTLE. 
Acknowledgment: A preliminary version of this work appeared in the Proc. of the IEEE Engineering in Medicine 
and Biology Society (EMBC), Chicago, USA, 2014 [9]. The extended version of this work is published in the 
International Journal of Medical Physics Research and Practice (Medical Physics), 2016 [10]. 
 
 
 
 
 
 
 
 
 
 
 
Presented in the 6th Annual New York Medical Imaging Informatics Symposium 
(NYMIIS) 2015, designated by Staten Island University Hospital, NY, USA 
 
To cite this study please use references [9] and [10] 
 
4 
 
References: 
[1] M. Boccardi, R. Ganzola, M. Bocchetta, M. Pievani, A. Redolfi, G. Bartzokis, R. Camicioli, J.G. Csernansky, 
M.J. de Leon, L. deToledo-Morrell, "Survey of protocols for the manual segmentation of the hippocampus: 
preparatory steps towards a joint EADC-ADNI harmonized protocol", Journal of Alzheimer's Disease 26, 61-75, 
2011. 
[2] T.M. Doring, T.T. Kubo, L.C.H. Cruz, M.F. Juruena, J. Fainberg, R.C. Domingues, E.L. Gasparetto, "Evaluation 
of hippocampal volume based on MR imaging in patients with bipolar affective disorder applying manual and 
automatic segmentation techniques," Journal of Magnetic Resonance Imaging 33, 565-572, 2011. 
[3] G.P. Winston, M.J. Cardoso, E.J. Williams, J.L. Burdett, P.A. Bartlett, M. Espak, C. Behr, J.S. Duncan, S. 
Ourselin, "Automated hippocampal segmentation in patients with epilepsy: available free online," Epilepsia 54, 
2166-2173, 2013. 
[4] J. Dewey, G. Hana, T. Russell, J. Price, D. McCaffrey, J. Harezlak, E. Sem, J.C. Anyanwu, C.R. Guttmann, B. 
Navia, "Reliability and validity of MRI-based automated volumetry software relative to auto-assisted manual 
measurement of subcortical structures in HIV-infected patients from a multisite study," Neuroimage 51, 1334-1344, 
2010. 
[5] S. Minaee, W. Yao, "Screen content image segmentation using least absolute deviation fitting", IEEE 
International Conference on Image Processing (ICIP), 2015. 
[6] M. Abavisani, V.M. Patel, "Domain Adaptive Subspace Clustering." 
[7] B. Fischl, "FreeSurfer," Neuroimage 62, 774-781, 2012. 
[8] M.J. Moghaddam, H. Soltanian-Zadeh, "Automatic segmentation of brain structures using geometric moment 
invariants and artificial neural networks", Information Processing in Medical Imaging”, Springer Berlin Heidelberg, 
326-337, 2009. 
[9] M.P. Hosseini, M.R. Nazem-Zadeh, D. Pompili, H Soltanian-Zadeh, “Statistical Validation of Automatic 
Methods for Hippocampus Segmentation in MR Images of Epileptic Patients”, 36th Annual International 
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), Chicago, USA, Aug. 26-30, 2014. 
[10] M.P. Hosseini, M.R. Nazem-Zadeh, D. Pompili, K. Jafari-Khouzani, K. Elisevich, and H. Soltanian-Zadeh. 
"Comparative performance evaluation of automated segmentation methods of hippocampus from magnetic 
resonance images of temporal lobe epilepsy patients", Medical physics, 43.1, pp: 538-553, 2016.  
